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PRESENTATION 
 
This academic paper was based of the thesis presented to the Post-Graduate Program in 
Mechanical Engineering of the University of Taubate, at Taubaté (São Paulo/Brazil), in partial 
fulfillment of the requirements for the Degree of Master of Mechanical Engineering (Area: 
Production).
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APPLICATION OF SIMULTANEOUS ENGINEERING BETWEEN THE PRODUCT 
ENGINEERING AND MANUFACTURING ENGINEERING. 
 
Abstract. This paper aims to evaluate and suggest a Simultaneous Engineering tool, also known 
as concurrent engineering, for integrating product design and production areas. The goal is to 
make companies more competitive regarding product quality, costs and deadlines, through the 
development and application of a methodology to integrate the project with the production, 
considering the difficulty of communication between who designs and who produces, due to the 
complexity to gather multifunctional teams in companies. Surely, reduced time in product 
development process, higher product quality, lower cost in manufacturing process and fulfilment of 
customers’ requirements are the key factors to determine the success of a company. Thus, to produce 
excellent products, the concept of Concurrent Engineering must be implemented. Concurrent 
Engineering is a systematic approach which can be achieved when all design activities are 
integrated and executed in a parallel manner. This article presents a case study where a tool is 
applied for a preliminary analysis of the project before the beginning of the production phase, and 
indicates a significant reduction in the number of technical changes as well as in the term to 
process the change of the product, for the project becomes more mature from the early stages. 
 




Continuous technological changes are related to the need for companies to always update or 
launch new products. In industry, in general, the development of new products has become essential 
for the competitiveness of companies that need to adapt to technological developments and launch 
new products at the same speed as new technologies arise. Developing new products faster, more 
efficiently, and more effectively is the great competitive goal. The speed in developing a new 
product, according to Hamel and Prahalad (2005), "is a very important component of the ability to 
move ahead of the competition." 
Nowadays, with rapidly changing and severe competition environment (ALVAN; AYDIN, 
2009), and the need to launch new products as quickly as possible, companies are forced to adopt 
simultaneous engineering across multifunctional areas. According to this approach, (AGOSTINHO, 
2015) “competitiveness is the ability of the organization to offer the market products or services 
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capable of motivating consumers to choose it as their supplier, to the detriment of the supply 
alternatives offered by competing organizations”. Therefore, the company's competitiveness 
depends directly on the degree of consumer demand, product performance (quality, price, reliability, 
design, etc.) and the performance of the companies that manufacture and market these products. 
Theoretically, this concept results in important changes within the work organization, which 
starts to be executed in teams, involving people from different areas acting together from the 
beginning to the end of the projects, that is, "Simultaneous Engineering is the integration of product 
design and process across the enterprise" (FINGER, 2002). 
As Prasad (1996) states, "Simultaneous Engineering is a product development methodology 
in which several requirements (X-abilities) are considered part of the product development process 
(manufacturing, service, quality, among others). These requirements not only serve to achieve the 
basic functionality of the product but also to define a product that meets all the needs of customers” 
(LOCH, 2016). In spite of the multidisciplinary character, the performance of the functional areas in 
the development of products occurs, traditionally, in a sequential and isolated way. Activities in an 
area are only initiated when previous activities are completed (CLAUSING, 1994). This traditional 
approach to product development results in excessively long development cycles (PRASAD, 1996). 
In addition, a lot of changes occur very late, when the cost of modifications is higher, considering 
that a large number of decisions formerly made need to be invalidated (SYAN, 1994). 
According to Peixoto (1998), it is perceived that competitiveness is strongly related to 
product development, although not exclusively determined by this process. For this reason, in one 
way or another, the ability of the company to respond satisfactorily to all the demands placed on it 
by the competitive market is directly and strongly influenced by product development. To illustrate, 
according to Asiedu & Gu (2010), Kaplan & Cooper (1998) and Ragatz et al. (1997), from 75% to 
85% of the total cost of a product, throughout its life, is determined in the early stages of its project. 
 
1.2 Research Problems 
The article follows the concept “all work must be developed in partnerships”, either between 
multifunctional areas of companies or with suppliers. Companies are increasingly using partnership 
agreements to carry out activities of research and development (R & D), operations that have 
traditionally been heavily guarded by companies (NARULA and HAGEDOORN, 1999). However, 
there are limitations in implementing Simultaneous Engineering, and among the predicaments, it 
can be highlighted the difficulty of companies in bringing together multifunctional teams, and these 
companies do not prescribe formal means of transferring information amid development phases, 
keeping the culture of using traditional models of the development of products based on sequential 
forms. 
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1.3 Objectives  
1.3.1 General Objective 
The research carried out has as its objective the exploration of the theoretical-conceptual 
bases of Simultaneous Engineering, and intend to demonstrate the importance of its practical 
application during the project phase; allowing people to adopt a template for the suggestions form 
from the ones who produce to the designers of a new product, to maximize the gains in the process 
of developing a new product. 
Short-term objective: 
 Competitive advantage with quick implementation of parts into the market 
 Large amounts of similar parts produced in a shorter amount of time 
 To allow early correction of parts 
 To reduce waste of materials 
 Spending less time on multiple iterations of essentially the same part 
Long-term objective: 
 To improve cost efficiency over several parts produced, for several years 
 Large amounts of different parts produced in a shorter total amount of time 
 Better communication among departments in a company 
 Ability to leverage teamwork and make informed decisions. 
 
1.3.2 Specific Objectives 
Discuss, evaluate, and suggest a Simultaneous Engineering tool between the areas of 
product design and production, filling the lack of technical communication between the areas and 
with suppliers, creating formal means of transferring information along stages of product 
development and demonstrate the results using this methodology. 
 
1.4 Delimitation 
The article delimits the application of Simultaneous Engineering between the areas of 
product development and manufacturing production (internal and external); evaluating and 
suggesting a tool focused on reducing the deadlines for development, reducing the number of 
technical changes and product costs. 
 
2 – THEORETICAL FRAMEWORK 
2.1. Simultaneous Engineering 
In the early 1980’s a study made by the Defense Advanced Research Project Agency (DARPA) 
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was initiated, intending to increase the degree of parallelism of activities, reducing the product 
development cycle. The study carried out by DARPA defined Simultaneous Engineering (ES), as 
follows: 
“Simultaneous Engineering is a systematic approach to the integrated and parallel development of 
product design and related processes, including manufacturing and support”. 
This approach seeks to involve all those engaged in the development, from the outset of the product 
lifecycle (from design to disposal), including quality, cost, deadlines and customer requirements.  
Subsequently, new studies appeared and the concept of Simultaneous Engineering became more 
comprehensive; as KRUGLIANSKAS (1993) defines, “simultaneous engineering as models of 
product development management". Other definitions of Simultaneous Engineering and their 
sources are as follows: 
• PRASAD, B. et al. (1998): 
Simultaneous Engineering is a systematic approach that considers all 
aspects of product lifecycle management including integration of 
planning, design, production, and related phases. 
• SMITH, R.P. (1997): 
Simultaneous engineering is a term applied to a multifunctional 
philosophy of cooperation in engineering design in order to create 
products that are better, cheaper and more quickly introduced into the 
market. 
• SPRAGUE, R.A., et al. (1999): 
Simultaneous Engineering is a systematic approach to the 
simultaneous and integrated design of products and related processes, 
including manufacturing and support. It seeks to consider all elements 
of the product lifecycle from conception to disposal, including quality, 
cost, scheduling, and user requirements. 
• CANTY, (1987), apud. MOLLOY & BROWNE (1993): 
Simultaneous engineering is both a philosophy and an environment. 
As a philosophy, it is based on individual recognition of one's own 
responsibilities for product quality. As an environment, it is based on 
the parallel design of the product and processes that have influence 
throughout the life cycle. 
• FINGER, (1993): 
Simultaneous Engineering is the integration of product and process 
design across the enterprise. 
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Amid the definitions of Simultaneous Engineering, it is important to emphasize that the 
steps of the project must be performed in parallel, according to Weck (1991), different in a 
sequenced way. Moreover, changes in the product, if necessary, should happen as soon as possible, 
which makes the process faster, more advantageous and economical, as shown in figure 1. 
 
 
Figure 1 - Sequential Engineering X Simultaneous Engineering 
Source: Weck (1991) apud Takahashi (1996) 
If comparing Simultaneous Engineering with Sequential Engineering, it can be said that 
Simultaneous Engineering is an evolution, capable of anticipating the detection of problems. 
"Simultaneous Engineering concentrates trends consistently and replaces improvements in small 
doses for gains in all aspects of the product." (HARTLEY, 1998). 
Simultaneous engineering is the parallel execution of some phases and tasks of product 
development. Thus, the development of the product becomes a process composed of phases 
executed in parallel as well as others executed in sequence (SMITH & EPPINGER, 1998; 
HAUPTMAN & HIRJI, 1996; KRISHNAN 1996; NUMATA & TAURA, 1996 and 
SCHNIEDERJANS & HONG, 1996). The choice of the mode of execution of activities "whether 
simultaneous or sequential" should primarily consider the risk of overlapping increase of cost 
and/or development time (KRISHNAN, 1996). 
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2.2. Simultaneous vs Sequential Engineering 
Both Simultaneous and Sequential engineering cover the same stages of design and 
manufacturing, however, the two approaches vary widely in terms of productivity, cost, 
development and efficiency. The 'Sequential Engineering vs Concurrent Design and Manufacturing' 
(figure 1) shows sequential engineering on the left and concurrent design and manufacturing on the 
right. As seen in figure 1, sequential engineering begins with customer requirements and then 
progresses to design, implementation, verification and maintenance. The approach for sequential 
engineering results in large amounts of time devoted to product development. Due to large amounts 
of time allocated towards all stages of product development, sequential engineering is associated 
with high cost and it is less efficient as products cannot be made quickly. Concurrent Engineering, 
on the other hand, allows for all stages of product development to occur essentially at the same 
time. As seen in the 'Sequential Engineering vs Concurrent Design and Manufacturing' figure, initial 
planning is the only requirement before the process can occur, including planning design, 
implementation, testing and evaluation. The concurrent design and manufacturing approach allows 
for a shortening of product development time, higher efficiency in developing and producing parts 
earlier as well as lower production costs. 
Simultaneous and Sequential Engineering may also be compared using a relay race 
analogy. Sequential engineering is compared to the standard approach of running a relay race, 
where each runner must run a set distance and then pass the baton to the next runner, and so on until 
the race is completed. Concurrent Engineering is compared to running a relay race where two 
runners will run at the same time during certain points of the race. In this analogy, each runner will 
cover the same set distance as the sequential approach, but the time to complete the race using the 
concurrent approach is significantly lower. When thinking of the various runners in the relay race as 
stages in product development, the correlation between the two approaches, in the race as well as in 
engineering, is vastly similar. Although there are more complex and numerous processes involved 
in product development, the concept that the analogy provides is enough to understand the benefits 
that come with concurrent design and manufacturing. 
 
2.3. Challenges associated with concurrent design 
Concurrent design comes with a series of challenges, such as the implementation of early 
design reviews, dependency on efficient communication between engineers and teams, software 
compatibility, and the opening of the design process. This design process usually requires that 
computer models (computer-aided design, finite element analysis) are exchanged efficiently, which 
could be difficult in practice. If such issues are not addressed properly, concurrent design may not 
work effectively. It is important to note that although the nature of some project activities imposes a 
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degree of linearity – completion of software code, prototype development and testing, for example –  
organizing and managing project teams to facilitate concurrent design can still yield significant 
benefits that come from the improved sharing of information. 
Subsequently, in the manufacturing phase, Faria (1998) points out as a result of the 
disaggregation between product design and process design, the need for modifications and 
adaptations, in phases approaching the launch, therefore, increasing costs and risking product 
quality. Ogliari (2001) complements that changes in advanced stages of development can jeopardize 
entrepreneurship and relationships with stakeholders. 
Along these lines, Hartley (1998) cites the natural antipathy among product designers, 
process engineers and the purchasing department. In conventional engineering, the experience and 
knowledge of manufacturing professionals are underutilized. When the project gets to production, 
its views face resistance from the designers, as well as little time to build a test cell and confirm the 
proposed new methods.  If product change occurs late, the company's finances are directly affected 
(BACK AND FORCELLINI, 1990). As shown in figure 2, changes promoted in advanced stages of 
product development may, due to the geometric increase of costs, compromise the commitment of 
the project as a whole. 
 
 
Figure 2 - Cost scale effect of product changes at various stages of development (source: Back and 
Forcellini, 1990). 
This example of Back and Forcellini (1990) reinforces the importance of adopting 
appropriate practices for the development of products, trying to minimize empirical decisions or the 
ones made by trial and error. Furthermore, it suggests that traditional design approaches should be 
reviewed, particularly with regard to the involvement of various stakeholders in product 
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development, since later decisions in the development phase can affect them directly. In this 
direction, different proposals have emerged for the development of products based on simultaneous 
engineering. 
 
3 – METHODS 
The research was carried out in both bibliographical and field form, followed by the 
development of a model and procedure for the application of Simultaneous Engineering, in order to 
adopt a standard for prior technical analysis of the production of a new product to be carried out by 
manufacturing engineering or suppliers, such as being one of the mandatory activities for product 
development within the company. 
Knowing that few designers are familiar with manufacturing processes, a tool for practical 
integration and consequent formal communication between product design and production has been 
developed. This tool is called SAP - Request for Process Analysis, which contributes to the 
development of new products in various industrial segments. 
Each new design (product) to be issued by Product Engineering shall have a Manufacturing 
Process Analysis that must be carried out by the manufacturer or supplier through the SAP (Process 
Analysis Request) before the final release is formalized for production. In this analysis, the 
manufacturing department or the suppliers must complete a form previously issued by the product 
engineering, including comments and suggestions to change the design when applicable, suggesting 
modifications that may be introduced to improve the product or process, such as: 
 Cost reduction; 
 Lower machining time; 
 Simplification of tooling; 
 Communication of materials; 
 Improvement of product quality; 
 Reduction of the number of pieces; 
 Reduction of manufacturing steps; 
 Elimination of the need to use special tools. 
Over a period of one year, among the new product development activities, the aerial 
production was carried out with a preliminary analysis of the project through SAP, focusing on the 
manufacturing process, ensuring that all technical specifications of the design were met, or 
suggested changes so that during the production phase the process would fully comply with the 
project, without the need for future modifications. Any new design that was released for production 
or for suppliers had a previously registered analysis. 
The formal issuance of a technical drawing was accompanied by the author, with support from 
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the technical documentation department to ensure that no design was released for production 
without proper analysis. 
After this period, a survey of the number of requests for technical changes before and after the 
implementation of SAP was carried out. A survey about the time required for Product Engineering 
to process requests for technical changes during the design and production phases was also carried 
out, after all, to carry out a change during the production phase requires an analysis of several 
departments of the company to assess the impact of such as product cost and tooling; which impacts 
directly on the deadline to process requests for technical changes in the product. 
 
3.1 Implementation of the Process Analysis Request 
Simultaneous Engineering can be adopted with the intention of increasing the quality of the 
project and consequently of the product; reducing overall implementation deadlines; integrating the 
agents involved in the process and assisting in the introduction of new technologies and methods in 
the production process. 
According to Lugli and Naveiro (1996), "the key to implementing Simultaneous Engineering is 
to achieve the integration of the practical knowledge of the company into the activity of designing a 
product as soon as possible." In this sense, a strategy was developed aiming to implement product 
improvements so as not to create large investments in technical alterations, either in the design or 
manufacturing process. Technical alterations of the product involve costs and a great impact on the 
management of the information, since it is imperative to guarantee that all those involved in the 
process of manufacture of a product have the same level of information, it is primordial to ensure 
that all involved have the same drawing with the same revision number. 
Thereby, SAP (Request for Process Analysis) aims to identify the problems of processes arising 
from the project or even the product quality resulting from the manufacturing process, suggesting 
improvements in the design before the final release of the product for manufacturing. 
It is possible to affirm that SAP is a tool that has been designed to prescribe formal means of 
recording product and process improvements prior to the issue of a product for production. 
The tool (SAP) must be completed by a manufacturing engineering manager or the technical 
manager of the supplier, informing the necessary technical changes or improvements, in order to 
ensure that the manufacturing process can fully meet the technical characteristics indicated in the 
product design, thus avoiding the need for future modifications. 
The analysis of the manufacturing process of the product should consider the volume of production 
previously indicated in the form, for this may directly affect the definition of the best manufacturing 
process, considering the cost and the deadline for the development of a new tooling. 
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PROCESS ANALYSIS REQUEST 
No.: 
Item No.: Description:  
Annual Volume: No. of Attachment: 
PROCESS ANALYSIS OF:
 Sand casting  Stamping  
 Chill casting Machining
 Die casting Heat treatment
 Micro-casting  Surface protection 
 Sintering  Painting 
 Forging  Others: 
RESULTS OF PROCESS ANALYSIS: 
COORD: CHARACTERISTIC OR 
DIMENSION:
COMMENTS: 
   
Figure 3 - Form Model Request for Process Analysis (Source: Author, 2016). 
The form must be filled in according to the recommendation: 
No. Document registration number. Filled by Product Engineering. 
PROCESS ANALYSIS: Indicate the analyzed process type (s). 
RESULTS OF PROCESS ANALYSIS: 
COORD. Fill in the coordinate of the drawing. E.g. B5 
CHARACTERISTIC DIMENSION: fill with the dimension or characteristic analysed. E.g. 10±0.5 
COMMENTS: fill in the comments and suggestions to change the drawing, when applicable. 
Analyze the manufacturing process of the item for serial production conditions, as follows: E.g. 
10±1 
1) Indicate the dimensions in characteristics referred to in the drawing that cannot be satisfied by 
the available process or equipment. 
Or, 
2) Suggest changes that could be introduced to improve the process, such as: 
a) Reduction of costs; 
b) Lower machining time; 
c) Lower tool wear; 
d) Tooling simplification; 
e) Others - describe. 
Or, 
3) The manufacturing process fully meets the requirements of the project, without the need for any 
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changes. 
SAP (Process Analysis Request) allows overlap of design and manufacturing process activities, 
except for "product quality", and allows phase overlap, as defined by Blackburn et al. (1996). 
 
3.2 Case Study 
With a population of approximately 18,000 employees and a production capacity of 250 
units per day, it is one of the largest bus body manufacturers in the world. With constant 
investments in design and innovation, it actively participates in the development and 
implementation of solutions for the collective transport of passengers in the main world markets, 
using national engineering. 
This choice is also justified by the relevance of this company, which is the subject of study 
by several authors Finger, Hamilton Rodrigues (2002), Macadar, Beky Moron (2009), Rosa, 
Patrícia Rodrigues (2006), Martins, José (2005), Stal, Eva (2007), Cardoso, Marco Aurélio (2002), 
Bridi, Cassiano Daniel (2012), Astor Eugenio Hexsel (2004), Eduardo Vieira Machado Rocha 
(2005). 
The company operates in micro buses, urban buses and buses, with a custom production and 
mass customization that is the differential of the company. Nevertheless, because it is often a 




Although many studies show success in implementing Simultaneous Engineering, few of them 
analyze the extent of the transformations that occur in practice within companies. After the 
implementation of the tool, the target company achieved excellent results, reducing considerably the 
number of technical changes of the product after the release of the project, diminishing also the time 
required to process technical changes. Hence, these gains represent a shorter time in product 
development, cost reduction, and quality improvement, since a number of product quality issues 
were previously avoided. 
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Figure 4: Number of technical changes in the year 2017 (source: Author, 2017). 
As observed in figure 4, after the implementation of SAP, the number of technical changes 
resulting from the need to change the product, to meet the production or suppliers, was reduced by 
around 60% in 2017. 
Another important feature that SAP provides is that it makes it is easier to change the product. We 
imagine the difficulties encountered in altering a product when it is in a production phase, 
especially when there is a need to evaluate the impact of cost change on the product and tooling or a 
new commercial negotiation with suppliers. It is also important to evaluate the impact on the term 
for engineering to revise the design with appropriate change. 
Another important benefit in the management of information that SAP can bring is better 
management of technical information, considering that there will be fewer revisions in the design, 
thus, enabling that all those involved have the same level of information. 
In figure 5 we have a comparison in the time needed to process the change of the product in 
the production phase and in the project phase. The reduction of the time to change a product in the 
design phase undoubtedly represents a great advantage in the time of development of the project as 
a whole, also providing a better quality of project, processes and products, being that it intervenes 
from the conception phase and the integration of teams and suppliers. 
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Figure 5: Time required for technical changes in the year 2017 (source: Author, 2017). 
We can relate the main benefits obtained with the implementation of SAP as a Simultaneous 
Engineering tool as: 
• Improvement of quality, costs and development schedule; 
• Reduction in the number of modifications because the project becomes more mature from 
the initial stages; 
• Ease to get a good design for manufacturability; 
• People of production gain a clear understanding of the project and commit to its success; 
• Improved management of technical information. 
 
5 - CONCLUSIONS 
The simultaneous engineering is a recommended methodology, which is a solution to increase 
efficiency and reduce product development time; it is also an influential tool to enhance the success 
of a new project. In order to present the expected result, it is necessary to eradicate the 
inefficiencies of the sequential engineering model, to maximize the existing capacities in the 
organization to allow greater dynamism and productivity in the process, besides promoting 
interactivity during all the phases of a project. 
This paper suggests a path for the implementation of Simultaneous Engineering in order to 
help/encourage those who intend to implement it, showing real gains with the adoption of a simple 
tool. 
The tool presented, SAP (Request for Process Analysis) allows the person in charge of the 
manufacturing process to present the difficulties that may occur with a new product during the 
production phase. In general, SAP increases the integration amongst the departments of the 
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company, reinforcing the feeling of teamwork. It also presents an ease for predicting all the 
implications in the manufacturing process of a particular product, when it is still in development 
phase. 
It is important that the project specifications are indicated by the development team, and that 
they are not definitively established for production without a preliminary analysis of who will 
manufacture the product, either within the company itself or suppliers. Project specifications 
established outside a Simultaneous Engineering environment and without the involvement of the 
multidisciplinary team tend to be flawed and incomplete, requiring future modifications to suit 
production and meet the technical specifications indicated in the drawing. 
SAP implementation does not require significant investments, and the results obtained are 
extremely important to the time, costs and quality in the development of a product. These benefits 
directly imply an improvement in the product development process, such as: 
• Focus on quality, cost and development schedule; 
• Emphasis on best development practices; 
• Multidisciplinary development team; 
• Employees involved and management participants; 
 The results demonstrate how a simultaneous project becomes a reality in the competitive 
market. This only shows the need for even more improved and robust management techniques, with 
fewer uncertainties and risks involved. Lastly, it is concluded that it helped constructively, 
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